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ABSTRACT

This report presents the methods and results of Phase II of a
three-phase post-launch evaluation of Ariel IT satellite engineering perform-
ance. FPhase II is devoted to a review and summary of performance based upon
data reduced in Phase I. Emphasis is placed upon anomalies and singular
points in the performance record. In certain cases where direct data is
lacking, inferences are drawn by correlating data of incidental applicability.

Three major areas of performance are discussed, namely, dynamical
performance, power system performance and thermal behavior. Comparisons
are drawn, where possible,between prelaunch predictions as derived from
calculation and actual performance as represented by the data.

Areas of particular interest for consideration in Phase III are

noted and an indication of the depth of these considerations is given.
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1.0 INTRODUCTION

Phase II of contract NAS 5-9104 has been aimed at a definition of
spacecraft performance based on data reduced in Phase I. Comparisons to
pre-launch predictions have been drawn where possible. This report discusses
the processes involved in pursuing these objectives and displays results in
graphical form.

To present the most useful report, an outline derived from the
contract objectives has been used. These objectives are actually four in
number and consist of discussing and expliaining the following points.

1. Primary Objectives

(a) The unexpectedly rapid decrease in satellite spin rate
(b) The satellite spih axis/sunline angle variation
(¢c) The power system performance analysis
2. Secondary Objectives
(a) Sateliite thermal behavior.

Primary objectives {a) and (b) are treated as one because of
their close interrslationship and the resulting area has been termed
"dynamical performance". Another secondary objective allowed for the
inclusion of the discussion of any octher interesting phenomenon appearing
in the data, but this has not developed.

Each objective has been discussed in entirety in one section
of the report with predicted and actual performance and conclusions presented
in that section. In this way the special interests of a reader whose
vital concerns are with one area are served,

Generalized conclusions and recommendations are also presented
in a section given that name. These conclusions state; in sumary, that

the Aerial II was successful as a spacecraft with some departures from

-1-



predicted or anticipated performance. This contract was not concerned with
the success of the satellite as a collector of scientific information so
no comment is given on that subject except to note that it is regarded as

successfui.

2.0 DYNAMICAL PERFORMANCE

In this area more than the others actual spacecraft performance
must be inferred from data which was taken for another purpose, namely,
the collection of scientific information. The methods and assumptions
adopted in this inference are stated so that the reader may evaluate their
validity and that of the conclusions. Conclusions relative to the spin
velocity can be reached much more easily and with more confidence than those
relating to spacecraft orientation. For this reason most of this section

is devoted to facets of the latter problem.

2.1 Predicted Spacecraft Performance

It had been presumed prior to launch that the angular momentum
vector, h, of Ariel II would be established at orbital injection and would
remain substantially invariant thereafter. Thus, it had been presumed that
the spacecraft spin axis would be initially aligned with the velocity vector
at injection. The British team assumed that this spin axis orientation would
remain inertially fixed. GSFC made no pre-launch predictions regarding spin
axis wander.

It had also been assumed by the British team that when all yo-yo
weights, booms, paddles, and antennas had been deployed that the established
vehicle spin rate would not vary significantly over a one-year period. The
personnel at GSFC also concluded that there would be no significant despin

of the spacecrafti,




2.2 Actual Spacecraft Performance

2.2.1 Spin Rate
The satellite spin rate was determined primarily from the ozone

spectrometer data. A distinguishing feature such as a sharp peak or valley
on one of the spectrometer pulses was compared with the identical feature
eight pulses later, corresponding to 360 deg of rotation about the spin axis.,
The measured time interval over one spin revolution when compared with the
known telemetry data rate enables the spin rate to be calculated. Both
DROD and IROD data were also employed to measure spin rate since each experi-
ment developed pulses as a consequence of the scanning action of the satellite
spin. The pulses were sharp enough to provide good angular resolution over
one spin revolution. The satellite spin rate is plotted.as a function of
days from launch in figure 1. It may be seen that the satellite has an
initial spin rate of 5.6 rpm which rapidly decreases to 2.2 rpm then increases
to 3 rpm. After two more spin reversal cjcles the satellite stops spinning
entirely about 190 days after launch.

Prior to launch it was predicted that the satellite spin rate
would be approximately 5 rpm after all yo-yo weights, booms, antennas, and
solar paddles had been deployed. It was further presumed that the spin rate
would not vary significantly over the nominal one-year lifetime of the
satellite. The spinning action of the satellite is required for a number
of reasons:

1. The experiments rely on vehicle spin to perform their necessary

scanning functions
2. The vehicle is spin-stabilized
3. The galactic noise antenna relies on centrifugal forces to

establish and retain its form
-3--
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4. Thermal balance of the center body

It is readily cbserved from figure 1 that the actual spin rate

performance of Ariel II deviated markedly from the pre-launch presumption.

2,2,2 Spin Acceleration

The spin acceleration time history of Ariel II was obtained by
measuring the slope of the curve of figure 1, which is a time plot of
spin rate. The acceleration about the spin or z-axis is plotted in
figure 2 against days from launch., Several interesting observations may

be noted by referring to figure 2:

1. The venhicle initially decelerates at a value of 0010
rpm/day

2. The vehicle actually has three periocds of positive.
acceleration

3. The maximum value of spin acceleration is 0.05

rpm/day

Prior to launch 1% was presumed that the spin acceleration
would remain substantially zerc, Referring to figure 2 it is seen that
there is a definite departure between the presumed and the actual spin

acceleration of the vehicle,
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2,2,3 Solar Aspect Angle

The solar aspect angle, 88, defined as that angle between the spin
axis, z, and the sunline, 8, is unfortunately not subject to direct measure-
ment. This angle may only be derived by indirect means from such telemetered
information as:

1. experiments

a. ozone specirometer

b. broadband ogzone detectors

c. DROD and IROD misrometeorite detectors
2. performance parameters

a. temperatures at several points

b, solar current

The ozone spectrometer furnished the principal evidence for the solar aspect
angle since it is basically more sensitive to solar aspect than are the other
sensors. This method is subsequently discussed as are others based on the
various sources of information listed above.

The time plot of solar aspect angle is presented in figure 3.
This angle is developed as a composite curve based on several weighted sources
as previously indicated. It sheuld be noted that this curve is not precise
and may be in error by + 20 deg. At times some of the data conflicts or
disagrees by a considerable angle. The quality of the ozone specirometer
data detericrates as time proceeds due to gradual mirror degradation. As
a result the aspect angle becomes more uncertain as itime progresses. The
aspect angle past 165»3333 from launch is subject to question because of

conflicting information.
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Also presented in figure 3 is the solar aspect angle that would
have applied if the initial spin axis orientation had remained fixed in

space. This curve is determined by calculating the angle between the initial

spin vector,

- j 90.% ]
o
} S % ~-39.7
and the actual sunline vector,
[ X ]
S
The angle between these two unit vectors is then:

Sscos J:} J

or 8 = COS'I s,négmnés‘fcos 5}060855605‘(“33‘“3-)]

It is apparent from a comparison of the two curves of figure 3 that the

specific orientation is not fixed but rather is undergoing considerable and

rapid changes.




2,2,3.1 Solar Aspect Angle Determination by Means of Ozone Spectrometer Data

The two prism spectrometers, used to measure ozone distribution in the
earth's atmosphere, look in opposite directions. Together they form eight sepa-
rate spectra for each revolution about the spin axis of the satellite. A rather
narrow pulse is produced each time the sun sweeps past one of the fields of view
of either spectrometer. Each spectrum covers wavelengths in the near UV region
down to 2500 A. The recorded pulse shapes, representing the UV spectra, change
as a consequence of ozone attenuation of the horizon-grazing sunlight as indic-
ated by figure 4.

The geometrical distribution of the two spectrometers and corresponding
eight fields of view is illustrated by figure 5 for the case where the sun is in
the equatorial plane (90 deg. solar aspect angle). In this figure, the nominal
angular limite, B and R, of each field of view are determined by wavelengths of
2650 and 400C A.

For purposes of illustration, let us assume that rectangular pulses
are produced as a consequence of spin scanning. A plot of spectrometer response
as a function of spin angle is presented in figure 6 which illustrates the
relative angular relations of the eight pulses during one spin revolution.

As the solar aspect angle departs from the equatorial or 90 deg.
position, the angular relation shifts among the various pulses, i.e., the B (blue)
limit moves toward the R (red) limit which retreats in the same direction. These
relative motions are indicated by the arrow directions of figure 6. The differ-
ential spin angle between pulses 2 and 3 at the specific wavelength of 2795 A is
presented as a function of sun latitude by the UK-developed curve of figure 7.

It is this angle characteristic which is used to derive solar aspect angle inform-
ation from the ozone spectrometer data. It should be noted that the curve does
not distinguish between north and south latitudes since the spectrometers are

symmetrical about the equator of the spacecraft.

~10-
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The method of deriving solar aspecti angle from a time plot of ozone
spectrometer response over one spin revolution is described below.

1. From the actual time plot the individual pulses are first identified by
number by: (a) considering the relative angular relationships among the
pulses, and (b) observing the waveforms of adjacent pulses to determine
whether the blue, B, edge leads or trails,

2. As the solar latitude increases, pu.se pairs 2 and 3 and 6 and 7 move
closer together while pulse pairs 4 and 5 and 8 and (1 + 2 T1) move apart.
At the same time the angular separation between pulse pairs 1 and 2 and 5
and 6 remains constant.

3. The angular designaticns and relations of each pulse are shown in figure 8,
What is desired is the angular difference,;&’ﬁ; between pulses 2 and 3
(or 6 and 7) at the specific wavelength of 2795 A. The difference angle,

4&95 , is obtained by the relatisn:
af = (E-20+k(A-4) o

The constant, K, is evaluated at the first day of the flight where it was

calculated that the solar aspec® angle was 86 deg., —- corresponding to a

latitude of 4 deg. From measurements of the corresponding plot of the 63

spectrometer it was determined that:

Z -t
¢3 - %2

From the calibrating curve for a latitude of 4 deg:

Il

10.12 div {12.35 deg)

33,12 div (40.42 deg)

Aﬁygf = Li.5 deg,

~156-
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Solving for K from equation (1):
4545 —(:94}"53&,)
(QZ "ﬁz,)

bh.b - 40.42
12.35

K

]

]

00,3304

Equation (1) may then be stated:

AZ = (F-H, )+ 03304 (F -2, )

At higher latitudes pulses 2 and 2 cveriap making it impossible to
measure ﬂﬁ'z and §5; directly. This difficulty is overcome by making
use of ’Z{A and j2{5 since their correspoending puises separate as the

latitude increases, Referring to figure 6:

(& -2 ) = 180 deg.
or (Do -G+l - F i F N (B -F) =180 aeg.
e (F, P = F, - = const. = 49 deg,
(,@5 sﬁb) W (s By v = 180
or (;253 &52’2) = 82 deg, - (ﬂs mﬁh) (2)

+

The methed of estabiishing incremental phase angle from proportional
pulse width is subject to scme errsr in determining just where the 2795 A
wavelength UV occurs in the spectiam or pulse waveform., Foriunately the pulse
is relatively narrow, and alsc the measurements are deliberately removed from
the horizon-grazing regions where the IV is attenuated by the ozone content of

the atmosphere,




4. In determining the incremental phase angle, A g ;s from each plot,
several equivalent measurements were taken and the results averaged to
minimize the effects of individual spectral deviations and reduce

measurement errors. The averaged angular differences are:

a. CE-) = F[CHA-2 )+ (FT-25) o
T

-+<,’;zf~,@2>+(¢'7-‘2§)_j
v G-, - 4 (H-E)
RSy s B

+ [ -2+ (F- 2 )
+C¢ -~ Z)+(F.

‘2 I+2%

(ﬂ; 'Q;-)
@’,)] |

As the flight progressed, the «ylindrical diverging mirrors
apparently became degraded; resulting in pulse irregularity w:Lth a marked
attenuation of the received signal. A typical ozone spectrometer time
response (D = 18) is shown in figure 9, where the points of interest are
also displayed. An illustrative caleulation of A }5 is given below for this
particular response,

\
a. The wavelength, )\ s 15 measured from a distinctive peak or

valley in one spectrum and in the same spectrum exactly one
spin revolution later.

>\ = 398,5 div ~v 360 deg.

~i8-
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e.

S e

The spin rate is determined by the constant data rate and the

wavelength:
WS = 4,584 _rpm x 360 deg,
deg/div 398.5 div.
= 4.151 rpm

Using equation (3)
I'4

( g - ﬁ ) = 1,'114, (15 + 1k + 15 + 15)
2 2

14.75 div, = 13.33 deg.

i

From equation (4):
(Z, - &) = 1/4 (40 +39 + 39 + 39)
= 39,2 div = 35.41 deg.

The incremental phase angle is then obtained from equation (la):

A = 35.41 + 0.330L x 13.33

4,0.81 deg.

From the curve of figure 7 using the above value afzsyﬂ

latitude = 22 deg.

The solar aspect angle Is then:
& = o (22°)

68 deg.




2.2.3.2 Aspect Angle Information from the Broadband Ozcne Detector

The broadband ozone detectors include: an ozone photocell with
filters to measure radiation in the band from 2500 to 3500 A; and a monitor
photocell to measure the radiation between 3600 and 4000 A. These photocells
rely on the sun for their light source, and scanning is provided by the spin
of the spacecraft. The photocells have an cmmidirectional field of view of
+ 45 deg off the equator. Measurements are of value only at sunrise and
sunset.

Theoretically each teiemetry antenna, whose tip coordinates are
sta. 4.62 in. and radius of 22.65 in., may cast a shadow on the photocells

when the angle off the nose exceeds:

Cell Sta. {in.) Angle (deg)
ozone 9,06 78
monitor 12.50 71

Each inertia boom, with tip coordinates of sta. 39.4 in. and
radius of 47.5 in. and each galatic boom, with tip coordinates of sta. 38.9 in.
and a radius of 46.5 in., may cast a chadow on the photocells when the angle

off the nose exceeds:

Cell Angle (deg)
ozone 123
monitor 120

2] =



2.,2.3.3 Aspect Angle Information from the Miczrometeorite Detectors

There are two pairs of micrometeorite detectors mcunted on the
satellite. The Instantaneous Read-cu® Detecteors (IROD), which look in opposite
directions, utilize aluminum foil exposed alcng the cirzumferential surface.
A strip solar cell with a cylindrical Tens ferms the detector while the sun
acts as the light source, Twe calibration holes provide calibration pulses
each spin revolution. Based on calibra‘icn hole sizes and tempering with
other aspect data the IROD pulses appssar when the sclar aspect angle exceeds
50 to 60 deg and disappear when the angls e2x-eeds 117 to 136 deg.

The Delayed Read-Out Detsciors (DROD), which lock in oppesite
directions, utilize metalized Mylar sxposed in the longitudinal direction.

A strip solar cell mounted dirsctly below the Mylar is the sensor while the

fi

sun is the light source. Rectanguiar itecered slots terminating in pin holes
g g

g

provide calibration pulses before or afzizr the ncrmal readcut. Based on
comparison with other data it appears thka® tne DROD starts responding between
33 and 55 deg off the nose ana shuts off cut as far as 148 deg.

The DROD, which has :ocordinates of sta. 27.12 and redius of 11.5 in.,
may have its calibrating slot shadowed by the galactic boom. The boom is
rotated 32.8 deg. from the DR(D and has tip cocrdinates cf sta. 38.9 at a
radius of 39.0 in. Thus the boom may cause shadowing of the DROD calibrating

pulse if the angle off the nose ex:ceeds 113 deg. This corresponds to a DROD

look angle of 47 deg relative Lo the =quator.




2.2.3.4 Aspect Angle Information from the Spacecraft Temperatures

The temperatures at several points on the spacecraft were used to
help establish solar aspect angle. Maximum and minimum conditions can be
determined, spectrometer ambiguities may be resolved and points of equal
aspect angle can be established, Of the eight performance parameter
temperatures, the ozone cell temperature is the most helpful since it is
readily responsive to solar radiation and is reasonably well isclated from
structure. The ozone cell thermistor is shadowed by a shoulder at an angle
of 135 deg and is shadowed by the vehicle itself at 145 deg. It appears
that this signal failed after 178 and before 185 days from launch.

The monitor cell temperature is another good indicator except that
the signal bottoms out at -7°C. This thermistor is shadowed by the vehicle
at 135 deg,

The tape recorder temperature is of value since it responds when
the sun is off the bottom or solar-paddle end of the spacecraft.

The temperature data must be used with care because of the effects
of percent sunlight. In general, when the sunlight does not exceed 70 percent
the temperature data may be used without appreciable error since the minimum
sunlight is 63 percent. Because of periods of excessive sunlight, gaps occur
in the useful temperature data over the following days from launch:

17 - 37
86 - 108
159 - 176
195 - 200
for a total of 64 days. The first two periods unfortunately occur at

critical periods of minimum and maximum solar aspect angle respectively.

-23



2.2,3.5 Aspect Angle Information from the Solar Current

Because of the angular orientation of the four solar paddles, a
modulation is int;oduced into the solar current as a consequence of space-
craft spin. This spin modulation will disappear only when the sun is at an
aspect angle of O or 180 deg. The former angle is never achieved, but the
latter angle is approached between 88 and 97 days from launch; although it
does not appear that a solar aspect angle of 180 deg is actually attained.
This is not surprising since it would be purely a coincidence if a solar aspect

angle of 180 deg were actually achieved,

2.2., Solar Position

The position of the sunline, 5, for 200 days from launch is
plotted in celestial coordinates in the curves of figure 10. The solar
position is obtained from The American Ephemeris and Nautical Almanac, 196k.

2,2.5 Perigee Position

It is desired to determine the perigee position vector in celestial
coordinates, i.e., right ascension and declination, €& and 55 0
Refer to the following diamgram where X, Y, &/ lie in the

equinoctial plane. Z '
P
|
o Y
<F : ——Y
4 4 | /
© ~ | /7
—— e _ _ N7
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The declination, ﬁgbg of Ep i3 the same angle as the latitude of

| perigee, 5Z(p, as provided by the refined world maps

8= /£5P (1)

Using spherical trigonometry we cbtain the relation:

cos w=cos 8 cosd (2)
Solving for O we have:
e (OB W
0 = ¢cO3 ‘C:CS '6 ) (3)

The right ascension of ?% is then determined:

ot = S+ ()

where L = right ascension of the ascending node {provided by the

refined world map).

Equation (4) is actually true only if we disregard orbital
L]
1 precession,z.f?.l° The precession rate for this orbit is approximately -4.1
deg/day and does not in‘roduce a4 signifizant error (aiways less than 0.29 deg).,

Using 3/27/6l, elements as an exampie:

where: w = 138,7°

JU = 229 8°

S = 3L.4°

= -1 (cos w
@ = cos (cosg

- -1 (cos 138.7
cos (cos 31°h°)

= 151.7°



229.8 + 151,7

]

2]-Q 50

The perigee position vestor, rp, is plotted in celestiel coord=

inates in figure 11,

2.2.6 Perigee Velocity Vector

To establish the positicn ve~tor of perigee velocity in celestial

coordinates, consider the following diagram:

Meridian

Orbital Piane

—-Equatorial plane
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The velocity vector at perigee is in the plane of the orbit, and it always

leads the perigee position by 90 deg. We can thus form the right spherical

triangle V, W,qf

Y,

Gf 3}

The right ascension of the ascending node,dl, the argument of the perigee,
W » and the inclination;, i, are known from the orbital elements listed in
the Refined World Map.

The declination, 8 s of the perigee velocity vector is obtained

from the relation:

]

sin § gin (90° - w) sin i

]

or sin § cos w sin i (1)

The differential right ascension, A& ; is determined from the relation:
cos 1 = tande¢ cot (90° - w)

or tand® = tan w cos i (2)

To determine the right ascension, @& ; of the perigee velocity vector, use

the following table:
) i -
O < £ 180° T - Aot

180 <4y < 360 Ju ~ Lo

——

The celestial coordinates of the perigee velocity vector, V;y are

provided by the curves of figure 12.
=29~
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2.2.7 Right Ascension of Ascending Node

Based on data supplied by the digital computer program of GSFC for
the orbital performance of Ariel II, the arguments of the perigee and the
right ascension of the ascending node are plotted in the curves of figure 13.

This information is required in other areas.

2.2.8 Angle Between Initial Spin Axis and Perigee Velocity Vector

If we have two unit vectors, Pi’ described by celestial coordinates;
CX% , and é;if the angle between these two vectors can be calculated
using the relation:

6 = cos™t (sin(Sl,sin52+cos 51 cosézcosAa)

This relation is equivalent to:

0 = cos™t g;o .E}LE)

where the initial orientation of the spin axis is:
5]
F
90.8°
39070

and {J~ p is the unit vector of perigee velocity.

The angle between these two vectors is plotted in the curve of
figure 14. This curve describes what the time variation of angle would
be if the spacecraft maintained its original orientation in space. 4
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2.2,9 Initial Spacecraft Orientation

It is assumed that the initial direction of the spin axis of the
spacecraft,j}a, is aligned with the orbital velocity vector, Fi’ at the

instant of insertion into orbit. The injection elements are:

o Element Symbol Angle (deg)
.Right ascension of ascending node JY 229.8
Argument of perigee &%) 138.4
.True anomaly ‘77 6.5
.Flight path angle e 0.4
.Inclination ] 51,66

These elements are indicated in the following diagram:

~3l-



angle from LU to vy

;
i)
I

W +%M + 90° - @

= 138910» +6o5+90" Oollr

I

23L.5 deg

Consider the spherical triangle:

d ’80-/,'

A

s8in

(V2
]

sin(lSO—p ) sini

sin@ sin i

sin 234.5° sin 51.66°
resulting in a declination of:

§ = 9.1
cos 1 = tan A cot (180 - B)
or tan AX = - cos i tanf3
= =~ cos 51.66° tan 234.5°
= =~ L41.0 deg
The right ascension is then obtained:
X = V-Ax
= 149.8 + 41.0
90.8 deg

]
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The initial orientation of the spacecraft spin axis in celestial coordinates
is then:

Z _ [

7o =S

. _ 90.8°

Z‘o -39.7°

—
This initial orientation vector, ;5’ coincides with other evidences of its

initial celestial position.

2.3 Dynamical Conclusions and Recommendations

Two summary conclusions may be drawn about the dynamical performance
of the Ariel II satellite on the basis of the information developed by
phases 1 and 2 of the contract. The first of these was obvious before
commencement of the study although as a result of the study more confidence
may be placed in the magnitudes. The second conclusion was suspected prior
to the study but study results have verified its existence and established
magnitudes. These conclusions are:

(1) Spin rate decayed from its initial value to zero with one

large reversal over the 200 day interval., See figures 1 and 2.

(2) Spin axis orientation is not fixed but experiences wide

excursions. See figure 3,

Phase IIT of the program will seek to explain why the spacecraft
performance in certain respects differed from anticipated performance.
The spacecraft spindown characteristic will be explained as

largely an aerodynamic consideration.

~36-



The most probable trajectory of spin axis orientation will be
determined by simultaneous solution of the solar aspect angle and the
angle of attack deduced from the spin acceleration characteristics, since
solar position and perigee velocity vector are known as functions of time.

Torques introduced by aerodynamic, gravity gradient, and solar

pressure will be considered.

=37-
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3.0 POWER SYSTEM PERFORMANCE

This section presents the results obtained from Phase II of
the power system performance analysis for the UK-2/5-52 International
Satellite, The purpose of Phase II is to define the actual performance
of the power system and where possible, compare it to prelaunch predictions
by use of graphical techniques. To accomplish this the following perform-
ance parameters are correlated using the data obtained‘from Phase I efforts

(See Reference 1):

PP No. Performance Parameter
Ok +15 volts (regulated)
06 Dump Current
07 . Unregulated Bus (Battery Voltage)
08 +12 Volts (regulated)
09 Solar Current
10 Battery Current
11 Battery Temperature
12 Paddle Temperature

In addition the following information is of interest:

Percentage of Sunlight/Days from Launch

Time of Sunlight Entrance and Exit

Aspect Angle/Days from Launch
Since the required data is only available periodically during the mission,
the power system performance in the interim periods can not be defined

with absolute certainty. As explained in the following sections, however,



sufficient data is available to generate a reasonably complete picture
of actual system performance.
3.1 Regulated Voltages

The +12 and +15 volt regulated buses are examined to
determine:

If a fault occurred

If an anomaly occurred

If one percent regulation requirements were met

If regulation varied with time, load or temperature
3.1.1 Fault Determination

An examination of the +12 and 15 volt time profiles using the
composite orbit graphs® indicates that no permanent fault occurred. This
is clearly shown by Figures 15 and 16 where the regulated voltages are
plotted as a function of days from launch (DFL). A permanent fault would
result in loss of data following its occurrence,
3.1.2 Anomalous Occurrence

" Through no permanent fault has been detected, an anomaly did

occur in power system performance in orbit number 415, This is shown
in Figures 17, 18, 19, 20, 21, 22, 23, 24, and 25. An appreciable
drop in voltage occurs across the +12 and +15 volt buses so that

regulation limits are exceeded for a period of 7 minutes.

#tComposite Orbit"™ graphs referred to herein are documented in Reference 1.
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&

Since the temperature sensors are voltage sensitive, it is
reasonable to assume that the temperatures recorded during this period
decreased as a result of the temporary drop in voltages supplied by the

power system. Furthermore, it does not appear from preliminary correlation

of the current profiles that the power system was required to deliver an
excessive load current which would have resulted in an inability to main-
tain the proper voltage levels. In Phase III this anomaly will be
further examined in an attempt to determine its cause.,
3.1.3 Regulation Requirements
An exam'nation of the +12 and +15 volt time profiles in Figures
15 and 16 indicates maximum excursions of .15 and .2 volts respectively from
the nominal regualtion levels., Since the uncertainty in the telemetered
data is *,1 volt, however, this information can not be used to determine
whether or not the one percent regulation limits were acpieved, Further
examination of Figures 15 and 16 clearly shows no degradation of regulation
with time or temperatures encountered. Except for the anomaly in orbit
number 415, regulation was not affected by any load variations encountered.
3.2 Battery Performance
The battery voltage, current and temperature time profiles
are examined to:
* Determine if an undervoltage condition occurred
» Estimate the maximum discharge level
» Determine if charge current was regulated and if overvoltage
limiting was accomplished

» Determine if any degradation in battery performance occurred

=51~




and if so, can it be related to time, load or temperature
* Did battery temperature exceed design limits? ”

3.2.1 Undervoltage Determination |

An undervoltage condition occurs when the terminal votage of
the line battery drops below 12.5 volts. When this condition is reached
the battééy load is disconnected by an Mundervoltage® relay and the
terminal voltages of the line and redundant batteries are compared, If
the voltage of the redundant battery exceeds that of the line battery
by 0.840.1 volts, then the redundant batiery is transferred to the load
bus, On the other hand, should the terminal voltage of the redundant battery
not exceed the line battery by the required (+) differential voltage, no
transfer occurs, The appropriate battery is then charged for an 18 hour
period during which time no telemetry data is transmitted, After this
period the battery load is again connected via the un&ervoltage relay.

From the Phase I data available it can not be stated with
absolute certainty that an undervoltage condition did not occur. Examination
of the battery voltage as a function of DFL (See Figure 26), however, reveals
no significant decfease in the output level,” In fact the minimum value
always exceeds 13,7 volts, It is reasonable to assume, therefore, that
an undervoltage condition did not occur. Thus, it appears that the redun-
dant battery was not employed,
32,2 Maximum Discharge Level

The depth of discharge during a single satellite night was not
expected to exceed 12 percent of capacity., An examination of the battery

current time profile using the composit orbit graphs verified this prediction.

#That is, no large,'steady decline is evident,
-52~
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Assuming a battery capacity of 3.25 ampere-hours, the maximum level of
discharge was approximately 9.24 percent. This condition occurred 79
or 80 days after launch.

30243 Charging Current Regulation

—The method of battery charging and protection employs a pro-
portional shunt regulator, Normally, charging current was to be regulated
within two percent of 500 milliamperes. An examination of the charging
current time profile in Figure 27, indicates that the regulation limit
was exceeded at various points.* The largest excursions from nominal
occurred in the interval from 35 to 65 days after launch. The maximm
deviation from nominal was 100 milliamperes. Figure 28 indicates that
the battery was subjected to very low temperatures during this period.
Thus, the regulated level of charging current appears to decrease in a low
temperature environment (ie. below zero degrees centigrade). This is not
undesirable, however, since battery charging efficiency is significantly
higher in a low temperature environment, The degree of regulation
achieved is not gffected by variations in time or load,

In addition to battery protection realized by regulating the
charging current, further protection was provided by limiting the terminal
voltage at 16,5 volts. This was to be accomplished by reducing the charging
current. Two instances in which voltage limiting occurred are depicited in
Figures 29, 30, 31, and 32, 33, and 34. From these cases it is evident
that voltage limiting was activated at 16.4 volts, It shogld be noted

that the terminal voltage is very responsive to a reduction in charging

*Charging current is treated as positive in this analysis
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current, These cases also demonstrate the sensitivity of the charging
current regulation level to low temperatures,
3.2.4  Degradation Determination

In this analysis the battery discharge current time profile in
Figure 27 is used as a measure of degradation in battery performance,*
Since no significant decline in output level is evident, it is reason-
able to assume that no measurable degradation occurred,
3.2.5 Battery Temperature

The range of ambient operating temperatures for the battery was
specified prior to launch as -5C° to +,0C°. Nominal ambient operating
temperature is +25C°, It is evident from Figure 28 that the actual range
of operating temperatures encountered was -15C° to +59C°. Since no per-
manent fault or degradation has been detected, however, it is reasonable
to conclude that the battery can operate properly in the temperature
environment encountered.
3.3 Solar Array Performance

In the following discussion of solar array performance un-
regulated bus voltage is treated as terminal voltage of the solar array.
This constitutes a negligible error since the voltage difference is
approximately constant at .2 volts,
3.3.1 Minimuni Power Requirement

The minimum power requirement of the S-52 satellite during day-
light periods is approximately 14 watts. Power available from the solar

array was expected to exceed this level, with aspect ratios greater than

*Battery discharge current is negative in this analysis.
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30 degrees, for a period of at least one year. An examination of the
composite orbit graphs indicates that this requirement was met except
during orbit number 704. During this period the available power profile
is approximately that shown in Figure 35. It is evident from this data
that the available power is less than 14.0 watts prior to the nighttime
portion of the orbit.  For the purposes of Phase III efforts in explain~
ing this anomaly the solar current, solar voltage, dump current, battery
current, paddle temperature and aspect ratio profiles are presented in
Figures 36, 37, 38, 39, 40, and 3 respectively.
3.,3.2 Maximum Power Output

Tﬁe maximum power output of the solar array was expected to
approach 30 watts at the most favorable aspect ratio. An examination
of the composite orbit graphs indicates that maximum power delivery
occurred in orbit number 1,799 at an aspect ratio of 93 degrees. The

output exceeded the expected level by 13.5 watts,

3.4 Recommended Efforts For Phase III

_fﬁase II1 will consist of an effort to develop theoretical
bases for defining the departure of actual power system performance
from prelaunch predictions. More specifically, the following areas
should be investigated:

(1) Anomalous behavior of all telemetered performance

parameters in orbit nunber 415,
(2) Anomalous behavior of available power output during

orbital daylight in orbit number 704

#A favorable aspect ratio of 147 degrees existed during the orbit.
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(3) Degradation of solar array performance with time,

The purpose of investigating the temporary fault in power
system performance during orbit number 415 is to determine its most
probable cause, As explained in section 3.1.2, it is reasonable to
assume that the temperatures recorded during this period decreased
as a result of the temporary drop in regulated voltages supplied by the
power system. Furthermore, correlation of the solar current, battery,
current and dump current profiles indicates that an excessive load
current was not required during this period, Thus, the general approach
will be to correlate the telemetered data with known characteristics of
the power system circuitry.

The anomaly in the available power output of the solar array
should be investigated to determine whether or not a temporary fault
occurred, and if so, the most probable cause. Since a favorable aspect
ratio existed (See Figure 3), the dump current and solar veltage profiles
should be correlated to determine whether or not load requirements were

met.

Essentially four conditions affect the telemetered performance
parameters of the solar array during orbital daylight. These are:
(1) Battery charge state (2) Array temperature (3) Aspect ratio, and
(4) Damage (either cell cover discoloration, micrometeorite erosion,
open or shorted panel)., Changes in telemetered performance parameters
can be uniquel* jdentified with the first three conditions. Thus, any
permanent change not attributable to the first three conditions must be
caused by some type of damage.
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L4L.0 THERMAL PERFORMANCE

Reduced data from phase I, as presented in reference 1, has been
organized to facilitate direct comparison with thermal performance predict-
ions as developed prior to launch by GSFC., It should be noted that thermal
analyses performed at GSFC on preliminary coating configurations led to the
adoption of the flight coating pattern. Final analyses resulted in validation
of the suitability of the configuration and in predictions of the performance.
Actual results have been superimposed upon the predictions in the curves of
this section for the purpose of showing the degree of precision achieved in
prediction and also to show the thermal behavior of the spacecraft in the
event that it has significance to the other areas of investigation, namely,

dynamical performance and power supply performance.

L.l Predicted Thermal Performance

Predictions of Ariel II thermal performance were developed in
terms of solar aspect angle, which is defined as the angle between the-space—
craft spin axis and the sun line, and in terms of percent sunlight in the
orbit. The choice had been made to plot predicted temperature versus aspect
angle for maximum sunlight and minimum sunlight orbits and, thus, develop
a band in which all operating points, or at least most operating points,
would occur. Percentages of 100 and 65 were used to represent maximum and
minimum percent sunlight respectively. To make comparisons of predicted
performance and actual performance feasible, the thermal analysis was coordin-

ated with the selection of locations for temperature sensors.
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Final prelaunch predictions appear on figures 4l through 47 where
they are compared to actual performance; however, review of actual performance
results led to a reexamination of the prelaunch computation and a programming
error was discovered in that computer input data for the 120° aspect angle
was erroneous. Corrected prelaunch predictions based entirely on the original
analysis, but with the effects of the noted error removed, are displayed in
figures 48 through 52, Performance parameters 00 and Ol are not affected.

Again comparisons are made,

4.2 Actual Thermal Performance

To portray the spacecraft temperatures versus aspect angle, it
was necessary to construct graphs for maximum and minimum sunlight orbits
from the composite orbit graphs and from the variation of solar aspect angle
graph using the days from launch parameter as the common denominator. It
may be observed that the drawing of the curves through the points displaying
actual results has been influenced by anticipated results. This is true
because insufficient data points exist to establish a very tightly defined
trace. It must also be borne in mind that aspect angle is subject to some
uncertainty.

Limiting actual percent sunlight conditions encountered in orbit,

100% and 63%, matched predictions closely and permitted direct comparison.

4.3 Conclusions and Recommendations

In general, the actual temperatures are slightly lower than
predicted for aspect angles below 110° and higher than predicted for aspect
angles above 110°; however, as a review of the curves presented in this
section reveals, the predictions foretold quite well the range of temperatures

experienced by the various spacecraft elements., This is true even when the
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erroneous programming influenced results somewhat.

During the process of reviewing the composite orbit graphs of
reference I, several singular situations were noted. Pages 174, 230, 300
and 314 are cited in particular. They all show a rapid temperature change
of the ozone cell within a solar aspect range of 135° to 150°. Pages 174
and 300 show the most rapid temperature change of approximately 6°C per
orbit. This occurs within the solar aspect range of 136° to 142°. Page 342
shows a 50°C temperature jump also for the ozone cell temperature sensor.

The ten-orbit stabilization graphs indicate that generally there
was not more than 10 C degrees difference between the temperatures of the
first and the 10th orbits. The most extreme of these variations was 12°C
for the battery. The indication is that stabiligation was attained early,
perhaps after 5 to 7 orbits, although variations from other causes than
stabilization mask the actual transient phenomena.

It is felt that some value might be derived from a careful investi-
gation and refinement of the original prediction analysis to learn why the
temperatures were lower than predicted at lower aspect angles and higher at
higher angles. Nevertheless, it is also realized that to be meaningful
such an investigation would be necessarily intensive, requiring more than the
original analytical level of detail. Such work falls outside of the scope
of the present contract and will not be undertaken for phase III. It would
be done most expeditiously by the original thermal analysts at GSFC.

For purposes of the present study, thermal investigation is complete

with the submission of this phase II report.
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5.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS

A review of conclusions for the three areas considered indicates that
an adequate level of performance was maintained for the collection of data by
the Ariel II spacecraft. This condition obtained for the initial period after
injection into orbit. Because the experiments depend upon spin in their
operation, however, loss of spin by the spacecraft resulted in cessation of
useful data collection except for occasional information from the ferrite
rod galactic noise antennas. Spin axis orientation experienced a wide excursion
over the 200-day interval studied. '

Power supply performance was adequate with the exception of possibly
two anomalous period. All telemetered performance parameters displayed
anomalous behavior in orbit 415 and this may be related to a power supply
problem. Also, it appears that available power may have dropped below require-
ments in orbit 704.

The spacecraft thermal design proved to be well executed. In general
actual temperatures followed predicted values very well although actuals ran
somewhat lower than predicted for aspect angles below 110° and somewhat higher
for higher aspect angles. Thermal stabilization to quasi-equilibrium was
attained in 5 to 7 orbits.

Recommended effort for Phase III consists of the following:

(1) a definition of spin axis orientation trajectory

(2) an evaluation of spin torques

(3) an explanation of cited power system performance anomalies

No attempt to explain temperature departures from predicted values
will be made because the level of refinement in thermal design required to do
so would be inordinate and unjustified.




